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PROBLEM TO BE SOLVED: To eliminate dependence of 
a level shift on the fluctuation in a process or the like. 
SOLUTION: The level shift circuit is provided with an 
insulation gate transistor(TR) N1 whose gate 2 receives 
an input signal and with an isolation gate TR N2 of the 
same conductivity as the isolation gate TR N1 and 
whose drain is connected to a source of the isolation 
gate TR NLA voltage independent of a process or the 
like is applied to a gate 4 of the isolation gate TR N2. A 
rate of the gate channel width to the gate channel length 
of the two isolation gate TRs is selected equal to each 
other so as to eliminate the dependence of a level shift 
quantity on the process or the like. 
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<Z>|ft»y- h h7>'^^^- hKHUMlU ftufBlgl 
2M) s *2©«iy- h h^V^^^O^^^WIBA 
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At X £ r X (S/T) XW/L (8) 
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[f«*^3 8] mm2o<Dmm?- b h7^^ 
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-To I©/hg«>f V^^-^A^ElSSl 0(4, ^ffijif 
♦HUBS 1 2 i: % IH7(c^i-u-</i->7 MhJSSi 
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4 0 ] BWBAASktt, 2 o<DAA«Rtf 2 o 

hlSBStt, 2o<OA**2llfA«flslKo2ooA*iHI- 

*t«IMJB&f4, ^ro 2 o<z>A**^av>tc:iSfrffiB8«^*>o 
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d d l-SS IfcNf t V^MO S F E T N s i . jft 
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MUSS l (OMMMc s l {ciftttts 

[0 0 0 3] i7#ilt, r^U^/Wv^^ MhJKoWi 
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-y-^Pfl«ffv G sii (9) -e^-x.fctt5o 

V GS = (21 DS /g) 1/2 +V T ••■ (9) 
^LT, ttlM6l:MtSffl*lEVouT tt, ft 

v 0 ^-r =v , w-v G s ■■- (l o) 
■c4-x.e>n, do) {^s: (9) ^^A-r^i, 

} *^ 2 -V^ - (11) 

7 MeISSi <t <9 ttev^Vpo («*.fi, u^i^v-^ Mil 

BSl*S3#/Uh^atU3^U— ^ 14141. 8^/U 

[0 0 0 5] HBdtiifslHlSS 1 2 (4, A;W 16, 18 
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y^MOSFET N 3 SfeiR^ fc> V Z 

1 V D o CSS 1 1 Nf t >^^MO S F E T N 4 
M^Nft^MOSFET N 3 , N ^ 

jjtitsO « mtfiR^ i:Nft^MOSFETN 

„ (D y — x t (Djgm.&) tt\ \s^<)Vi/y v^m i (DN 

ft^MOSFET N x (O^— Mc^g^tlT^ 

4(OA^J ( + ) JcKiBc£j}v^5 0 ^v^u— ^14<D 
SipA^ (-) (-Jis aflS«JEVci.«:«jiei-S«JE« 

^Jfi. CMOSft^0^2 2(cft^£*LTl^o 
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[eISS3 4<Jr. SI»*i«igB63 6 t^e>«*S*t, 
•>7h@»3 4B, %MitHlEU&3 2^M0 3, O 
4 ic#gij(::, @7i ra— u-^/uv^ h m&i&g&L 
SixT«lJ«StL-CV^S. Hlb«*SlH]SS 3 2 Ht % H9tia 

u^/ui/^ h{E]^$r 2offl^T#?/&£;ru Il^i/^ 
'>7Me1K3 4 1 tt\ Nf^MOSFETNx t 
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oOff-^-I NA, I NBtlSttWflHftSrftotV^ 

[0 0 17] Sfc, JiiEcow</i^>;7 MSIKSrfflv>fc/h 

td^-r o r<Z>/J^itg-r ^^7x- *tH*lElfc&5 0(1 [g] 
1 1 fc^i-zhSH-f v^:7^ — ^A^JlElK3 Q<Dm&k 

mmcx&& 0 g#,&fi toi/^u^7 mhjs§3 4<d 

30 ty*ffi6 x , 6 2 «H5i&»5 2^STA?tffi6i5 4 

1- J*«Ufc*i:. ffl^lElK-CfcSSfe, /^7^f7« 

t-YX (^i|x.H Nft^MOSFET N x , N 
2, N 3 , N 4 ) St/^mSKffi (fi3Jx.fi. ICS1, I' 
CS 2, 2 0co^mS?cfg) ^tV>ISr*f5ri:t* 
So Lfc^oT, mi 3l^i-tt^>*rt»»i:ra— o# 

[0018] sfc, A^ffli&<<>9'7x.—*mjimi&<o'm 
ithmmcxhZo -ftet>-h. a^ssi e, i 8ic^'j 

U^/KD2 0^f-§-INA, I N B H Mt&lf(SlH]SS 3 

2- CitiliStt, ^n^ttU-iy^V^ MUSS 3 4<DN^-y 
^MOSFETNx, N 2 ^y— McHWP^ixSo N 
ft^MOSFETNx Oy-^^ISICSI 

MOSFETN 2 coy — ^i^«*jRC S 1 2 t CO 

50 ***LTA«ria»5 4«c«jie**t6. a^ihiss 5 4 n 
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[0019] * 

Vout = 3 . 0 V- 1 . 0 V 
btKZifi (08© (A) ) . BWE«4lBfi:/n1r*Xl* 

V o r =3. 0V-1. 2 5 V- 

(@8(7) (b) ) , jajt^o-fe^xtfftfpa*© 

*#tl3-(OffiMBEVouT Sr»fc^£:^5**0> 
M3l»(OB^fe*:#<i"ixT Life ? e o£ 

[0020] r(7)J;5Wlr^\ 0 7f;i*i-w</V'v' 20 
7 MUSSl M«:*>5tf»&, rco w<A->:7 MUSS 1 ^ffl 
^TfH^nSHI 9 (-^1-/jN$gfe"-r >^ ^-^A^H] 
Kfctt, SHg^nir*. WH«EE<Z>8MftK:J; 

co^fbMitK h«£>fS-g-a^ gjioco 

Vot^t 1 W^v^ M^lIE^VouT 1 S£n 

?>x @ 1 O^VoUT 1 ^VoUT 1 U^l^Lt, 

%&\s^)V?y7 Y'<&(D\t^1£ =1 >s< ? 1 4 30 

©VOOT2© (2) \CTF-r±ofj:2mm^-&ttiJj£ti 

(1) ) ±0fcX£<ft6, o£<9 N 2««W^*a- 
«4LT, rc0 2ffifs^-S:Sti-Kl5CMOSrt$|5lHlBS 
2 2cD^i/j^cojgEt^^ 0 

[0021] s/c, sag^n-**, »ma«. * 

1 0(DVout 1 f©^'>7 MMjE4V 0 ut 40 
lS^b, IIOOVoutI^V OUT 

H0OTout2W (3) lz.7jkir£ o tezmm^tftti 

2<D (1) ) tnK<i6, o*9, 2I«^^* 
a-^Lt, rMfcCMOSrt«^l^ 

[0 0 2 2] H9^*i-/hS«>T — ^A*0iS 50 



^^^'7 P c2ir^^^W)^mS©*^T(C^V^T, V 1N 
-3. 0 V (Vtt^bSr*i- Q ) . (2I DS /M 
1/2 -lV, =0. 5Vt-fZ>t^ 

0. 5 V= 1 . 5 V 

-0. 8 V=0. 9 5V 
tW7 h*<o*»fcjeH-r*HIBtt, Hi 1, Mil 

2{C^i-/J^^g^|^S^>^^al--^A^[HlSg{C^oV^rt>. * 

fc, flM"5WMrc*>S. Ill, 11211 fftgk*'£M 
ilfiBK-efcSfcft, 13 9 ©J: 5 J- y 7r uv^W 

[0 0 2 3] -Tftfo*,. K^ui?;^ ttflsjft*, mas 

mi i^*i-/h«iffl>f — ^A*HII»3 0 

A^j(h1S84 OtcjoV^Tt. ^coHl(jtii|iMlElSS3 6 co 
(+) A^(-RWP^tt€>fS-^u^<^t (-) A^i-EP*D 

i/7 MT'U^v'7 h W<7U;y:7 b^co^ff-^- 

jEJft<DW<7l'v':7 MWl/^i/7 Mg<£>#fi-5§- 

«:Siibii«igiK 3 6-eaE»*u«L-c#6*ta 2«tm*i 

[0 0 2 4] 1/^>7HhIB3 4 1 

<ir W<;Vi/7 ME|gS3 4 2 * 
fc, I/^>7Mh1B4 2i (bl/^l/V7MHlS§4 2 

icy 77 l^^lugB Lfc^n a-W4< , ^T7±^ 

^ot, * * 2 mm^&§:tfmz> CMO S 

So E 1 3^^/htgtI^^^7rc — ^ttJ^lilBS 

•9, IES©U"<^^7 M^bWc^ui/7 M(0 
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[0 0 2 5] ~(D£? Wl^CWLtd, ^£>U-</U 
*sy h*<oSB»»i:«SkEl»a«ISiftfPU*v^A*«E*: 

■MBttU ^SSft^o I d s ^^gR-T^^l o^fe^r N N 
f-t^MOSFET N5 0/3SrPffl5-r4^2 0* 

[0 0 2 6]$ l^SCJ:5^ft Ids^®^ 
a*a 5 ¥;fr18r*^r*Stf>fe, ^;v^7HS:*S 

fz^^wi<DU^</u^y bM<D%ft2i£X&>otzk1rZ> k, K 
MOSFET NSCDtfi^^Vt: 0 — ^V^^#<^5 

[0027] ^oawjn ±as<o*ttf^«*r*snfc 

Mi: ITl^o 
[ 0 0 2 8] 

mmmcom2(Dmm^- b by i/*j**<d K^yts: 

»tt U AAffi -$r£ fulfil 1 Fh7 * 

coy- b tcf^JP U BWE* 1 Stfg 2 (DmmV- bby 

ttofcmiAxfm2<Dtomr-bby>'i?x*<Dr 

[0 0 2 9] «*3S2ffi*058Wfl »** 1 !E*c<£> U- 
-<yi->7 Ma»»c:«5 % itfflEfg 1 RlffS 2 O^Jty- b 
b y >*J* $ V>W£r?vt *oi£P>o£ lei: 
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WIES 2 (Oitfei&y- b h7>"^^^- bKEMmSix 
5 J: 2^f«/&£tLfcr t&ftmt tr^6 0 fft*«3fB 
•<0*Wtt, IS^iXfi2IB«^u-<^v'^ MhH»»c 
*j|E2o(75^y- b h7^^^ * ( 1 

-So 

(1/T) XW/L ••• (1 2) 

io <z>3gt£*3^riRii: 0 

[0 0 3 0] »#«4fE*<0«9!fl S»*«lXtt2|E 
*ow</i^>:7 na»jc:«9, mU2KDWM?— b b 
7^^, 5S; (1 3) r*4-x.fettSffiSr^L< L7t 

//X f r X (S/T) XW/L ■■■ (13) 

^ s sf±y- b^*^W4®«r% j^t 

[0 0 3 1] ttM5Gt^«nil UMl, 2, 3 
20 Xtt4E«oix^</w^7 hlHllKlcffiO, iiufE 2 ocDif&St 

[0 0 3 2] M*«6ett0>3B91fl 2. 3 

xtt 4 tm(D u^^>7 h 19 , mm 2 o^as 

30 [0 0 3 3] »*3S7fE«cCO^P^(i s 1 6 <D 

4x, t^^o, m^^tKO^m^f— b b y>-i>x?{c}3\s^ 

xh. y-xks<v?y~bb*mm£tix\,^z>^b% 
[0034] fS*^8fE«co^pjft, m^xibmecD 

^-fti^l\^WL(DU^<jVi^y bmm^^O. HijfE2o 

40 rt. y-^t^y^y— hitt«»S*irv^v^^i 

[0 0 3 5] Mf*«9|B«i<Z>38Wtt, ft *>S 1 7!;S 8 O 
l^tifrl {ctm^i'^i/y hm#\c»9s SufE2o 

tb, SflfE^-fixOijfe^y- h by>i?x#<Ds<y?#— 

^^ix^^ t^#m<^ ui^o 

[0 0 3 6] 1 OlEttcO^P^fi, ftjS^lHlSS7!)>o 

50 /E^S(-i-^^S^lHlKOA^itj^^7U^-r^^(c^ 
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7 y v^^ ^ W y - ^ t 1 ©itfiiy- h h7^^ 

>- ttmwt u A*«*snwnB* i (nmmy- bb?> 
*jx#<d?- mchijdu tffia* i aw* 2 oiaay- 

h h7^^^0«*/S^foafrlBA*«#S:Bfa^**: 
HKSrKtt, «HE» 1 Rtf* 2 <OW»y- h F7>^ 
< U fi^w\t^Wi2(D$M / f— b bv^i/xfW— b 

So 

[0 0 3 7] f#*3S 1 1 KMUD&mtti. »** 1 0fS«c 

©A*sBi-ffi , bmbss i at; 5 * 2 (Dmm^f- bb? 

[0 0 3 8] M««l 2fE«W>«0Jtt, W#Jgl QX& 
1 HE«lOA*[aiS«c«9, fl9fE2ocojfe»y— h 
y^^^ it (14) ^i5)tL5ffiS:*L<lfc: 

(-1/T) XW/L ••• (1 4) 

[0 0 3 9] f»*3fil 3ia«S<E>3B9m, B#«9Xlil 

0 IB«<OA*iaajcffi 9 s BflfE 2 oco*6»y — FF7V 
v***<^ SC (l 5) T^x.bix5I?:*L< Ltri 

M X f r X (S/T) XW/L ■■■ (15) 
[0 0 4 0] ff*3S 1 4|B«036W«, t»*J5 10, 1 

1, 1 2^il 3|E«fecoA^EI!»(c:#^. fufB2o<7>#& 
[0 0 4 1] Mf*S l 5 Ei©?8Wtt, fll#5 l 0 , l 

l, 1 2xiii 3 mm<DXf}^m^ 9. piute 2 o<d*& 

[0 0 4 2] fS#3gl 6|B*<Z>«Wtt, »#9U 0 75^ 

[0 0 4 3] M*Jgl 7f5«^«Wfi, M*JSl 0 7!/^ 

1 5<0V*i"*wJ»l JcE«<OA*ElK^ffiO. Hijf22oco 
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[0 0 4 4] »*JSl 8fBgc<D^f^ fS*^9 75Ml 
7<ov^ix*>ilcE«(OA*ia»fcffi5. mjfe 2 o^^ 

[0 0 4 5] 1 9 mm<D&Wl*. »** 1 0 7!>M 

io i 8 ©v^-rn^ i KB««)A*iaKK« 5 , sutesu®^ 

2 o<D{f ##0M&Sjh/C l o(7)ffi^j|If^ 1 ooffiM 

«riB«aoiaBtt, — *<oA**H«ca*«ffi*5ppap$n 

20 [0 0 4 6] ff*3S2 0fB*O»Wtt, W*« 1 0 7^ 
EBS« 2 o^A^MB&U* 2 o^ttl^S^W-r S^ftJMB 

w 2o<om*»Sr*ri-*ia*-e«>o, mifB^^^iHi^ 

tt. 2ocOA^^^^T-r^>^»jti*I[HlSS-trfc«9. ffjfBmj 
S^M»i±i*S[HlS&fi, ^^co2oooA^^^-Sv^^ci^tgp^ 

si;*ot t^^o^ ?i 5 2 o com -^-^ m$ s 

30 me«a©ji»iiBigBo»/s-t-5A**^ 

[0 0 4 7] 2 1 fB*(7)^P^(i % A^jff -^mJE 

u^/^*Ul*©<DA*t6^^^/^Jiii-5 0{^Sf*^^< 
/Viy^ hSfcttBulEA^ft-^Sr^^v^^ h LTiufBtij 
*a«c«J&i-5 A*0BS(c:ffi «9 , * 1 ©Jfta^— hh7 

>i/*?<Dy~xtnmi<Dmmv t - b b 7 
m—^MM(om 2 (Dftm^f — b bv^^^^cD kw> 

k*rJftttU A*flr**:WB» l <D|ft»y- h h 9 ^ 
x^©y-McMU HtjfB* 1 ai>** 2 <z>*6»y- h 
40 h^V'^^ofttt^bflfflBA^W^SrBfaoi^W 
u-<A->:7 h Ufcttl^ft-g-SrtH^S-tirS u^</u->7 Me] 

coy- hft*/Hlty- h^^^uftt^JtSr«PL< 

l, f)^mum2(omm.y- b b? 

[0 0 4 8] 2 2 fE*c»3§Bjlf4, 2 1 15* 

50 6t»if^taf£^»# L.^^Mis^«/i^BtiiE^ 2 oie^y 
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[0 0 4 9] fg*3l2 3fS*feC0^^fL fS*JS2 1 Xfi 

2 2 tm<nAt>m&^& v , mm 2 o^ttty- hh? 

y^;*^, st (1 6) -e-^*.&*tStt*:#U< Lfc:: 
(1/T) XW/L ••■ (1 6) 

[0 0 5 0] f**JS2 4fE*<B»WM:. f»*^2 1X« 
2 2 8B«^A*lelK^« 0 , ftjfB 2 oojpfeSRy— hh7 
yv^^tfX 5S; (1 7) -e4it>n5ttSr*L< Lfcr. 

/z X £ r X (S/T) XW/L — (17) 
[0 0 5 1 ] ffl3&£2 5fB«tO»n». W**2 1, 2 
2,23 Xfi 2 4 E*OA*0Ktil« 5 > BtTlE 2 o<7)|& 

[0 0 5 21 W*«2 6lB«038Wtt. f»*«2 1, 2 
2, 2 3, Xtt2 4K«cOA^mS&(£^9 > StjfB 2 o<£> 

r ^ v * tt BE £ * fc: £ri£ S ti tz&M <D femfr iLfcri 

[0 0 5 3] »*«2 7B*W>»Wti\ f»**S2 17??^ 
2 6 <P\^"f ftri* 1 ^|E®60A*lElSS{^t). mjfE2o(Z) 

[0 0 5 4] f*#3g 2 8 1S«c038K«, !f 21M 
2 6<ovv-ffta>i lcB*<0A*E]B&Mffi9 , fufe2oo 

[0 0 5 5] M#«2 9B*<£>389iMU 9 7i^ 

2 8<ov>-rn^l iclB«<OA*El»lc:«9 % SiJfB2o<7) 

[0 0 5 6] f&#JS3 0E*G>*Wtt\ IS*^2 17^ 
2 9 <DV>"f tt^ 1 (CfStfeOA^(El»S{C#. <0 s HUlS U"</U 

U-</K7> 2 OC7){f^5#t^$^§ 2 OOA^SSr/ 2 O 

Bwais©2o(om*»3fts, «riea*so»jcsi-sA*» 

[0 0 5 7] M#a3lEt©»ili, A^lx/^ 
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Sty— h b 7 >z?x * <oy—x ti&fs i (Ofem?— b b 
=? # t siaos 2 <£>#feft^— m>7 y 

-bby * ©y- h icEPTjp L, HufBfi? l RXfgS 2 

<d$m?~ b b?>i?x? (omm&frhmmxijm^* 

[0 0 5 8] if*® 3 2fSgc^^0J(i, f**JS3 1 IB® 

om^tH]^(c# 0 , wiEm i ar5» 2 <&*&»y— Fh7 

- b by>V*#<D?— McPPin^ftS J: 5 

20 [0 0 5 9] fe*3S 3 3 fEigc<7)^0;m, W*« 3 1 Xf£ 
3 2 IE*OHi^IiISSfC« «9 , WIE 2 oco*6»y- hh7 
yv^cT), ^ (l 8) -e#A&ixSMSr*L< Lfcr 

(1/T) XW/L ••• (1 8) 

[0 0 6 0] !S*^3 4K«l^38Wtt, »*3S3 2Xfi 
3 3lE*om*iaK^ffiO, ButE 2 oco«6^y— h h y 
yiyx^co. S(i9) T?^*.e>ixSttSr*b< fa 

omjjcDmmtf - b b7>&x#<Dtf— bizyv-t^R 

30 L7tr LTl^o 

M X f r X (S/T) XW/L - ■ (19) 
[0 0 6 1] S»#«3 5S*OI6fllt «*«3 1, 3 
2. 3 3, Xtt3 4|B«<^ffl^EIK^ffiO. ftufB 2 otD 

[0 0 6 2] fS**S3 6fS«cCO^0J(i s ff*3S3 1 , 3 
2, 3 3, Xl*3 4fB«t<DtBAEII»|Cffi9, BUlB 2 

mm?- b by>i?**iL ^-^sfiiicM^n, 

[0 0 6 3] f#*3S3 7fiE*^3BWtt, ffl*^ 3 17!;^ 
3 6 <7)^-f l ^IS4fecoA^ilHl8Stc^f9 , mjfB 2 ocT) 

[0 0 6 4] w*«3 8ts®o^p^fi, $mm3 mm 

50 3 6 (7)^-f ft** 1 fciS«OA^?lHlBS(c^ «9 , HUlE 2 oco 
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2000-183723 
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10 



20 
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[0 0 6 5] 1**113 9E*<D36K«. f»*3S3 17!?^ 

[0 0 6 6] ffi*3K4 OE«c«>38Wtt, IS* 3 ! 3 
3 9 0l^f^l ^|B«fc©Hi*lHl»^«9. SufBA^^ 
14, 2oOA*«aV2ooffl^iHSr^ri-SII«ii»i|BliI 

A^HJSgo 2 o<7)AM^^5 2 o^ffl^j^^W 

v-:7 h!II^c7)2ocOA^^{C^gg^nfc:C^^^m^ L 
[0 0 6 7] 

Oil l 2SJS0» 

5 0 ^©«©l/^v'7 MhJS&I A«\ ^n-fe*, fig 

<9> i/^>7MsliJ5lA(j:, ^10AM2i > 
hSr»l^A*4H2^S5figb, KKy^tEiV DD 
(C^S LfcN^t y^MO S F E T N x £ . 

y^Nft>^MOSFET N^y-^cii 

FET N 2 Nft^MOSFET Nx (DV* 

V G s = {2 1 x " 
Nft^MOSFET N 2<Dtf— McR«JP£;h,5 

Ios=l/2jS 2 (V g s -V-x- ) 2 
- (24) 

★ Vo^-r =V,w-V os •• (25) 

lC*5Wtfc* a^S6{C3g£-f T^x.&*t5 0 ro« (2 5) fc^ (2 3) Rtf (2 

hu mMmmtmm, (2 4) ^a«^, 



30 



*-^^Nf-ty^MOSFET N 2 (7) > <t <£> 

^UMOSFET Nx, N 2 ttl^— <&S4R±«yg/ifcS 

[0 0 6 8] tit, Nft^UMOSFET N 

^O/m. ftS: (2 0) -C-S-X.&tbS. 
j3 =ju Co^xw/L - (2 0) 

y K) > W«y— h^^r^/MB (m) T\ Lliy-hf 
ir^M'* (m) -Cfc5 0 Coxli, iC (2 1) -e 

C 0 >c= £ o x £ r x S/To^c ■■■ (21) 
fiU e.ofi, K£<Offffi^ (77 7^K/m) , c r 

05¥ffiffia«S (m 2 ) , Tox(^ 
$ (m) TfcSo tit, Nft^MOSFET 

y— ^ttt*«Six5o 

[0 0 6 9] HlSt;i2^#lLt, rco^jfe 

1 (7)A^^2{-A^^tL. mJ3EV R ^2©AM4 

sfet N2 <©y— h i y— ^n^HWPSn-refesc 

(2 2) t^i^tl^lfil ds^N^-VV^MOS 
FET N x , N 2 (C^cn^o 

I DS =l/202 (Vo S -V T ) 2 - (22) 
IIU jS 2 tt\ 5t ( 1 7 ) T*4x. hfrZ> 0 S (22) O 

h-y-^BtEVo 3*4, ft^; (23) t^^l^ 

: + V T •••(2 3) 



= 1/2 /3 2 (V R -V T ) 



[0 0 7 0] COH 

5M*IEVout 
5) , 



V o r 

3 + v-,-}, 

= V 
(2 6) 



= V , N - { [2X1/2^ 
- [3 2 //3 x3 1 ^ 2 



(V R -V-,- ) 2 //J 3 ) 



(v R -v-,- ) -V- 



(12) 
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[0 0 7 1 ] Nft^MOSFET N x <D & ^ 
^Nfty^MOSFET N 2 <£>/3 2 £ L < & 

NftV^^MOSFET N 2 h^-V^A' 

XJ&f&£tlX\s^Z)frt>. ^(D%mm(DU^<;\yiyy MUSS 
1 AcOtU^miEVo^^ fi, 

Vo^r =V 1N -V R ••• (2 7) 10 

Lt»L^i/\ 7 HUBS 1 A(DU 

[0 0 7 2] c^j: 9 c<a«/£i;ij;*u£, u~<A-> 
7 MiW^6ttl*Sti5UJ*WEVouT tt. »i§:/ 

v^tH^jmEEVo^T S:\"</)sis7 MUSS 1 A^fcffl^j 
(2 7) ^6ib^ftJ:5l^ *«JEEV R SrW»"r5r. 

anting u^w^^ Ma»^i«att«ra*5 5pA 

[0 0 7 3] W^Lfl V R =1. SVir-rn^ V 30 
oui-r = 3 V- 1 . 5V-1. 5Vt45 (12© 

(b) ) 0 rottflfwatutt, ts*ig»^*3v^ttia9 

oi_n- =0. 9 5V^LTLS5^i:(^6^ r© 

Sfcm^Lfc^ffi^BJEVoij-r T'&Sl. 5 V (El 2 
(7) (A) ) SrUJ^i-sr.i:^"C#Stv^5-i:T*fcSo 40 
[0 0 7 4] OJH 2 *jS0y 

1 1 HtWo i/-<;^>7 h 08S^/|«^f y ^ 7 ^ 
-^[HlSSF^Ollffiiit'l'ElHl^i: ^ ^ £ (Df^(0«/3E 

EHfelAfcfc, -€:0^liJc:g51^S3xTV^5 = v^ 0 u— ^ i 50 
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4 ttBJ-^^^rtJcJfM^n. =iy/N 8 u-^l4(:|j:l/ 
^yi^:? MeISS 1 Ai 9 tlSiWoo (#'JxJ3\ \<"<j\s 
Z/7 MeJ&I A^3 7K/l^M^*fL=i ^ UIJ 

1. 8^>h) ^gfc^$jxxv>5fc», XMt^<DW< 
/^^y/Ni/-^ i 4 T*Sff-C# StSfflcD u^/H^ST 

[0 0 7 5] rcoHJS0iJO/J^*S>r V* 7=c- — *Xt)m 

*Tg«^SiStM#«|Hll»l 2 £ N u-^yi^v-^ h[eK&l 
Ad:, ny/^-^ l 4 ttlM^ntv^o ^comm 
m<D/h^M4 — ^AJl\B]3& 1 A(7)U^;l/i/7 h 

\B}^<D^mm^^ i 2 1 =3 * utii m 9 

iA(t Hi Ko^rK9iLfcfc©£l3C^*5 0 Lfc 

^oT. r©W<D«/&{C£>^T. EI 1 9 tf>fS/5$C§fl 

[0076] mc^ m3Rxim l Outfit, rcon 
mmmmKi 2©ami 6, ism, svMca?«iBffi 

A, INB (1 1 0(7) I NA, INB) ^A^$tl^ 0 

^tftie*siHi^ i 2©aA«o4^5)S»j| 

B$ixfc«# I NB^tU^$tt5 o ^(OiS^- I NBIt 
l/^'>7 MU8S1 ACDA^ffi2(cSlj[JD$tt^o ^^z^ 

^ffl^jJttSo U^</US/7 hlHlSSl A(DU^v'7 bM 
li, MbIK 1 Ai^A^^tL^ff-^c^ff -^u-< 

E19©lHjgS^|^« % ^ 1 4©ff-s§-w< 

[0 0 7 7] -^©U^</U->^ Mnl^g 1 AlCfcltS U"</U 

Sr*TLftV\ Ufc^oT. u^^>7 MhISS 1 A^^W 

ftfftt^4i/^^^7 bfifcit ^^7 h^tt/cff 

(-) A*^«!»**L*^e>, ^V7 MhIBSStW* 
tSNft^MOSFET Nx , N 2 co^^n 

l 4frt>mt)£tiZ> 2 ^v^{ci^t@ 
!MSi:fcot^ot£E u-Ow^^tc-r^ 2 ocoA^ft^- 
INA, I NBtd*f-/£Lfc2fifrfl ^tfcoT, ^^r^ — 
(0*V^2*|«#i LXa^l/-* 1 4^feHi***5 

[0 0 7 8] rO<t5(I, ^(DffirfMzXtl&s d] 9 (d^ 

u~^l4co (-) A*i:W^fi^ff^\ 
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IO^Vqut 1U^ Vout lDOJ:9(:±# 

2^«t5^H^^5 0 Lf:^ot, CMOS« 
2*B»^S*tL*5*tt«<46. ^ 
hicotMte, S; (2 7) ^e>Wfej&»*J: 5 

[0 0 7 9] OI 3 i6S£#iJ 
-*A*IIIft^«J***112^<fe5o r<03IJfc«Mu /h 

[Ei^icA^^n^ff ^-^>mi± u-^wc^ £ it £ 

5 0 tit, t©Wv/7 MH&l Bf3\ -tO^&tc 
SJ»$ixrv^SII»ltffilHll«3 6 bWl- s ?iy7to\z.tetfL 
£tt, ^SbtgifglHlSg 3 6 iC{2U-<yl->:7 MalSSl B<t 5 
tfS^VoD (WxJi, U^l^V^ MnlSSl Bti*3tf/i> 
h fcl*J- LHIbitWlHlK 3 6 1 . 8#/H0 #S#t£££*L 

b £^<5cQicJB^f>*L6 e 

[0 0 8 0] I^I»|(7)/M^y^7x-7A*(H] 

S:#B«©A**"t?aflW-*iaB**ia»3 2 ^Sbig 
SIUSS3 2 O 2 o^)tii^ffi{C»St § A^S 2 3 . , 2 

HIBlB©2o©fflA»6i , 6 2 l^JftlhSA;^ 

»35s»jw*jxfcis»*i«[aBS3 6 t s*i/ci^ 

5 0 *^2£»J#«EIB&3 2 &2M4IMIBM3 6 ttt, H 

[0 0 8 1] -t It, l^^'>7 h 0^ lBIt ^ 1 CD 
i/^;^>7 hlilKSl B 1 tW>2<DU^<;Viyy hlnlSg 1 B 
2tT*«^$ix5^, Il<OU'^;Uy'7hlH]KlBl^ 

u-</ui/^ h iDsg i b 2 1 fi, hi cotn/s t ia— 

-Cfc5<£>T\ gl©l/^>7HHBlBlMi20 
MhISS 1 B 2 £f8/&-f-£#N^-t^/WMO S 
F ETIu f;£ N ^ 1 <7)U-<^>>^ hlD&gl B lRVWh2<D 
1"</Uis? MhIKi B 2SrESiJi-5#fla#-e-l , 2«rjfc 
?ilt#Lt, i l (Z) i/^>^7 hlEliS l B l Stfi 
2 60^^^^ h(pj^i b 2<DWlWZ4£mi-Z> 0 
[0 0 8 2] #CV>T% MSbif fglelRS 3 2 <t , 
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mhiss i Bt, mmmm\Bims 6 t(Dmmmmz^^x 

mW-tZo SIMmiEUg 3 2tf>tH^S0 3 te> *i© 
U-<A->^ MhISSI B 1C0A^?S2 ! SrSJgcStu, ffl 
^iffiO 4 f±, fg 2 cd u-</w>:7 ^ lugs i b 2 (DAJitifb 
2 2 &g$c£*LTV^o ^ 1 ©W'>7 MhI3S 1 B 
lC0tiJ**6 x ^Kj*I*H[h}£& 3 6 <D ( + ) A^iC 

g&gc£ft, f2(Dl/^77 MUSS 1 B 2(Dl^tl^e 
2 M\ MSlti*SlH]^ 3 6 <D (-) A*KlSM*£jft/rv^ 

10 [0 0 8 3] 0 4Sr#figLT. r OHJS0*'J<£>»^ 

f I NA, INB^ N H«)it*IlH]^3 2CDA^?Sl 6, 

1 8ir#gijfc:8«rastt5o ^(om-^-i N A, I NBft 

si»*i*igiS3 2-ci«(i*tt, ^ti^tiu^^yy vm 

Kl B^Nft^MOS FET Nix, N 2 x 

1 <Dttl^ffi6 x £ U"</1^7 MSg&l B 2<£>HJ;fj«B6 

2 i: ^ e> s v ^ i^ts BBffi *> s a * s mm i^<^x &> 

*§r*K ^ti^ti^^^-y MSB51 B 1 (^)fflM6 x 
fc U^v'7 Mh3^1 B 2(^{iiM6 2 fc^feffl** 
tb^o U"</U->7 h [hISS 1 B co# U^/U- i/7 h IhISS 1 B 
1, lB2(0{i}M6 ! , 6 2^t>^;^7h$n 

glJCDU^/l^v'^ MeIKI B 1, IB 2 i-A^^tl^m-§* 

^t-^u-cyu^, mi i©iai»i:igas, ^1*^10^3 

^>o 

30 [0 0 8 4] ^co MhIBS 1 BO# u^<yl^>^ 

MUSS 1 B 1 , 1 B 2 fC*3{t>5 l/^V7 hcoKj^^. 
gl 1 St>l 2 ^rti t TP«:i^ L/c J: 5 ^ot 

v-^ MhIBS 1 BCD#SiJCDU^/l^->7 MhISS 1B1, IB 

2frhmf)tsti%*ft : eti<Dm j %&. mmy"^^^, m 

h £*Lfc{f fiftotv^So Ctxfe2ocDm-§- 
^»it*MlHlSg 3 6 <D ( + ) AJjRV (-) A^ld#t 
*&*tb*^e>, l/^/U'>7MH]g«t§Nft^ 
40 MO SFET N x x , N 12 > N 2 x, N 22 (OMig 
^air^ N Bfc^fflLft. *aS«BE^««i3dSfcofct It 
fc, SSftit«iaBS3 6^C>ttl**ttS2ttfS^S:, SV^ 
^iS?tBB8«-C3&^oSBE u^^SrStdi-^ 2 ocDA^^f # 
INA, I NBid^jSL/c 2fiim*ot, ^ar^.— 

[0 0 8 5] £<0«J«lCj:*Ltf, I11C 

*i*/MgiH>T>^7ji— xa^jIh1K3 0<oJ: 5^. Sid 
ififfilslK 3 6 O ( + ) Atl&Tf (-) A^iC^P^na 
50 |f^5 % Kig^nir^, Iftfpfflft, t»«Eluftfftt 
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ht^flLtilOOVou-r 1U^ 

lt»i«iHlEltt3 6^b^**— <04^^2««**C 
MOSrt»ElK3 8^«J&-T5r i^#5 0 Lfctfo 
t\ CMOSrt»ISIK3 8«rlR»f^S*-CL*5«f4#i 

<*5o afc. i/^v7 n©m(tt, s (27) a> 

t, t£3fc<7)J; 5K> NMOSSr8EixS«SE^»y— h«W 10 
[0 0 8 6] OJg 4 

H5I1 c<o*W©jB4H)6«-C*)5/MB*i>r i/$y*- 

5 fc^fc* (0iJx.fi. Vn>o=l- 8/jOv-h 

K*f Uf-^tgtl^'k u^vffi 2 . 5 h <0\t fk&/<* 
y<J v4r^UT«»*ixfc*&) > 3 6 — 

u^vsr|g»it«iai6 3 6 T^ft^ 30 

[0 0 8 7] r^n^J^w^M^r *-—*AJjtE\ 

5 2 o©A*«**#B'J<0A*iHU:gffi' i"* ^ 

*«fc»ffii-sA*»a«i«ft**t5aE»*«iaK3 e ^ 
£*i-c^5 0 ^(omhm^m&z 6f±, mi 1 

^o^Tl^PJLfct^^f^CT^^o tit, W<A-> 
7MHU8lCli, Il^i/^/W MUSSl C 1 kM 2 

MUBSl C 2 £T*1?f/&£;}x57^ f§ l u 40 
"■Ol^:? MhI&SI C 1 tg2 0^/W>7 MeIESI C 2 

tit, mi<Dm$Lkm—x*$>2><Dx\ sio^/^>7 

MUSSl C 1MI2 0^;V>'7 MalBSl C 2 SrHlJ* 
t5#Nft^MOSFETICll 

MhIKI C lSt>^2^u^>7 MhISSI C 2£EE'J 
-tZmmm-^l, 2&ffi^k LTttLT, IKDI/^U 
>:7 h [HlSS 1 C 1 &t>*S? 2 <7> l^/Uv-^ h 03S 

[00 8 8] Sv^\ is^/uis? h(eI8Sl Hlbli 
«E»3 6irO«KBB«Ko^TlftlWi-5. SvMc&ft] 50 
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Ml cou-<>a->:7 h(p]SS i c 1 (^>AM2 x 
ftfc^cOA^ffitt. S2^i/^>7HHlKlC2 
(DAjj$%2 2 TfeS 0 IlO^WhlslKlCl 
G>tH*t8 6 x (4, SEIMMKIeIK 3 6 ( + ) A^i-S 
Jge^tU |2iDU^>7 MHiSSl C 2 0ttlM6 
2 14, H»if ffiH&S 3 6 CO (-) A*K»tt$nri^ 

[0 0 8 9] (H5^#,BSLT, roHiS0iJc7)i!if^ 

^ff-^-INA, INB^ Is^jUis? hiB\S& 1 C<DAJl 
82, 2 2 ^#BUfcBJjp$ix5 0 ^5i-^t, ^ 
/^>7 MeIE&i C 1 otU^?C6 x u-<a->:7 MUSSi 
c 2<otti*;«B6 2 fc^bSv^fciS!ffilB«^*>5aftS 

\-fu^<ju^y h £*Lfc«#j&^ u^/Wv^ MH8S1 C 1 
<Dftjj<$i 6 x t U^fri/y V HISS 1 C 2 OtH^iSS 6 

^ i:^fo*n^ixttl**nSo u^>7MhIKic 
^U^v'7 MUSSl C 1, lC20tH^S6x , 

6 2^bl/^'>7 h^^t^f-^cOU^WV^ hftfi, 
U-</l^>:7 HUBS 1 Cfl>#B»JO W^/Pv^ h\E}&& 1 C 
1, 1 C 2(CA^^ti>5m^ff-^l/-</U^ N mi 2 <D 

#l/^<yl->^ MHl^S 1 C 1 , 1 C 2 (Cliott^ ^^7 

Kottf^tt. HiatfH2fe#MLT»lHllc|ttWLfcJ: 

ot. u^</b>>^ Mass i co^g-^jco i/^v7 Mass 
ici, i c 2frhmti£ftz>z:ti*:ti<Dm^te. mm 

[0 0 9 0] 2<XDm^rtf, HthJSffilHlSS3 6 CD 

( + ) AXRTS (-) A*«Ji«t|&*jx5^6, 

7 HaK«ri*t6Nf + *^MOS F ET N X x, 

N x 2 > N 2 x , N 2 2<£>®ii£7 p uir^ IffK, « 
aemEEtC^Ki^fcofci: ITt, ^®Ji#*I(H]SS 3 
ffl**ix5 2 a^^ffl[tBiB«T?L^t«EEU 
-<^Sr^tC-f 5 2 o<DA^ff # I N A, I N B {^Mfc b 
fd2ffim^-CfooT. ^^r^-(7)/^^2fiIff-§-i: Lti 
Kif*IlHl5S 3 6 frbttiJj &1tZ> Z t -C# ^>o 

[0 0 9 1 ] ceo j: 5tc, cofg^{c:J:n(i. 012H 
mm\E}&3 6<D ( + ) AJlRW (-) A^KHMra^tbS 
u-<jvi/y Mh1SS4 2^e>ffl^$ix5ft^^^^7 

MfflltilOOVouT 1U^ Voi_r-rl 
Stt*t«iaK3 6^b^^^-0*V^2««#S:C 
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CMO S 3 8 ^W^tt 5 Kit 

<45o b"</W^7 z£ (2 7) 

T\ fie3fc<D«fc 9 NMOS«ti5t^-fgw 
[0 0 9 2] Oil 5 HJg^J 

3 2^&ffl*SixS«#^«BEU'<^S:, A?^|RlSg5 4 

^l£c7)Mift*ti|iI[Hj&g 3 2 i:^?^|HlK5 4 fcoMfclKl* 

[0 0 9 3] r^HJfe^JO/hJgilS^ — ^ttitSlB] 

2 ooA*«*Sr#»J©A**B 16, 18-C5 
ffi-^MK)i«*MlH]^3 2 Hfttf tHESS 3 2(7)20(7) 

S^tl§^^7MH]KlB^, l/^'>7 MalSg 1 
BCD2oc7>0};^6 i , 6 2 It gM5 2CgI^ 

tttfM^nTi^o *<DS£»l#«l§rc&3 2tt\ Ell 1 
{c^\s^xMVMlstih<Dtm^X$b*), is^/uz/y MDBS 

^©«<o#^*5v^r, i4Mi i i 

[0 0 9 4] !6S:#ILt, -<Oj£^#d<0»K^ 

^^iC-T 5 2 OGOA^g-g- I N A, INB^ Ht&iiilS 
[H£g3 2 6, 1 8(C^SiJ{Cpp*D$ttSo -t^ 

{f-^INA, INBIt SWjif *§[§]&& 3 2T?if«$n. 
**Vp;ftW</l'i'7 MDBS 1 BONft^MO S F E 

t Nil, n 2 ^y-Miw^nSo 

MilK l B l ©W** 6 i tu^^zs 

ElK 1 B 1 <E>tH;fi3H6 i <t i/^;^>7 MUBS 1 B 2 <7) 

^l/-<;i/^7 MUBSl B 1, lB20tH^J^6 x , 

6 2frhl"<^\/7 h ^fltz.\t^(D\y^<^^y Mil 
1/^^/7 h 1 B <D&%\l<D l<"<;Vi/7 V [hISS 1 B 
1, 1 B 2KA*Sft5«#©«#w</i'«:, 5 

2 K*jW£n5 AffilSlg 5 4 "CaftSixfcflT* 1"</W^ 

7 h [HISS 1 B 045- ^^^>7 h [UK 1 B 1 , 1 B 2 {CI jo 
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[0 0 9 5] LTt^oT. U^yUv^^ MUlfS 1 BtO#gi] 
6D U"<A->:7 B 1, IB 2 7^<btJbj^£n5- : !:tL 

10 tUi\ U^>7 h0^^fMt5Nf t^MOSF 
ET Nil, N i2N N 21i N 2 2 C0»3t^ciir 

4<45. Sfc* h*<oBMSli, S (27) 

t x NMossrsiEtbseat-^y— htiw 

[oo9 6] ai N ^<Dmw<DmMm&mm&0m^x 

L * v ^iEffloKfftf^jeSfri 5 *> o T fc ^ ti h fi r 

i =W 2 /L 2 £1-5Wco^Tfft9JL/cas. (1/T 
c> ^ i ) TWi/Li= (l/Tox 2 ) W 2 /L 2 ^r 

30 ^fl^tfi,^ Lfc^^ Pft^/VMOS FETjrfflV^tt 

tt±V\ JEtC, MOSFETcO^hffefifllitt, 
[0 0 9 7] 

50 [0 0 9 8] :oi/^;k>7 MSSSSr/hffiiie-f V 
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A*iai6J2:a«*ix5ia»©IR«ifP*rB6Jh-ra r t &X 
[0 0 9 9] W^^7 MSB&Sr/hiHB-f 
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[0i] r^wo^isatfti-efcsu^wi/^ mhu^s 

[02] i^^;w>'7 Mgiis^»f^jRjBia-e*>So 
[03] ^(Dmm<Dm2mmmx*^>^^hmm^>^y^ 

[0 4] Z<Dm$i<D%l3mifcMX*foZ>'hM«i'{^#'7^ 

[05] ^(Dmm&mimMmxfoZ'hM^ 
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[0 6] ^<D&m<D%i5mMmxjbZ'hm#a<<^*'7=. 

[0 7] «(OU^v/7 hlHlMM^^tit^ 

[0 8] |^U^>7 MH^S^Wit'fo^o 

[0 9] $£3JEC0 1 o<0/J%fi«>f :7 ^ — * A^BB&O 

[0io] R/hfiH-f >*7*—xim&<oWifti&MS-e 
10 [011] flf*olo/MIB>fy#7x-^lilll©*iJ 
[0 12] bi:tt©/hfi(|>fy^7i- ^Islgg 

[013] «*o$e>^«b©/hfis>f v^^ic— ^ig(s 

1A u^<yu->;7 MhISS 

1 B W<JV^7 MhIK 

1C i^yui/^ MUSS 
20 2 ^1 (DAJjitib 
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